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METHODS AND COMPOSITIONS FOR 
DETERMINING HER-2/neU EXPRESSION 

The invention relates to certain 
5 anti-pl85""^'2^^^ antibodies and the use of said 

antibodies in assays for the determination of HER-2/neu 
expression levels in biological samples. The antibodies 
of the invention are accurate indicators of HER-2/iim 
overexpression in human cancerous tissue using 
10 immunocytochemical or immunohistochemical assays. These 
reagents are useful for identifying 

cancer patients who have the greatest probability of 
relapse and/or the least likelihood of survival and, as 
a result, may be likely to benefit from adjuvant 
15 therapy. 

n^q]^n7'nxind of the Invention 

Prognostic factors often help predict relapse 
and survival in patients suffering from cancer. The 

20 presence of certain factors that are indicative of a 

greater probability of relapse and/or a low probability 
of survival may suggest that adjuvant therapy is 
appropriate. High-dose chemotherapy or autologous bone 
marrow transplantation are possible treatment regimens 

25 after surgery. The existence of reliable prognostic 
factors to predict relapse and survival are important 
since aggressive cancer therapy is costly and is 
frequently accompanied by toxic side effects. Likewise, 
the absence of such factors may indicate that less 

30 intensive therapy is required. Prognostic factors that 
have been used to predict relapse in breast cancer 
patients include tumor size (Carter et al. Cancer £1, 
181-187 (1989)), number of lymph nodes involved (Carter 
et al., SUEIS) / histologic grade (Henson et al. Cancer 

35 68, 2142-2149 (1991)), and the presence of estrogen or 
progesterone receptors (Osborne, in Brg^?t pige^g^g, 
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Harris, J.R* et al., eds . 2nd ed. J.B. Lippincott, pp. 
301-325 (1991)). Recently, a variety of molecular ' 
markers have shown potential as prognostic factors for 
identifying cancer patients, particularly those 
5 suffering from breast and ovarian cancer, that are most 
likely to benefit from aggressive cancer therapy. 
Molecular markers that may be important include 
measurements of DNA content, cell proliferation and 
oncogene expression. Oncogene expression has received 

10 some attention by investigators in view of the apparent 
correlation between expression of the HER-2/n^ oncogene 
and poor prognosis in patients with breast cancer. 
However, as explained below, this correlation has not 
been observed by all investigators or has been observed 

15 in only a subset of patients examined. 

The HER-2/n^ oncogene encodes a membrane- 
associated glycoprotein referred to as pl85"^^"2/J^^ having 
extracellular, transmembrane and intracellular domains, 
with the extracellular domain having homology to that of 

20 the epidermal growth factor receptor. The human gene, 
designated as c-^xhB~2 , HER-2, or neu, was reported by 
Semba et al. (Proc. Natl. Acad. Sci . USA 82, 6497-6501 
(1985)); Coussens et al . (Science 2^0, 1132-1139 (1985)) 
and King et al . (Science 229 , 974-976 (1985)). A 

25 related rat gene was reported by Schecter et al (Science 
229 . 976-978 (1985) ) . 

Increased expression of the HER-2 / neu oncogene 
in tumor cells and cell lines has been reported by 
several groups (Coussens et al . , supra : King et al . , 

30 su pra ) . The increased expression of HER-2/nsu results 
from gene amplification or increased expression of the 
single copy gene. These observations suggested that 
HER-2 / neu may be overexpressed in human cancer tissue. 
Slamon and colleagues (Slamon et al . Science 235 , 177- 

35 182 (1987); Slamon et al. Science 244. 707-712 (1989)) 
examined HER-2 / neu expression levels in tumors taken 
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from a large sample of breast and ovarian cancer 
patients. It was found that nearly 3 0% of those 
patients had amplification of the HER-2/rieu gene, that 
the amplification was associated with overexpression, 
5 and that overexpression of HER-2/ neu was associated with 
a poor clinical outcome (increased relapse and low 
survival rate) particularly in node-positive breast 
cancer patients. The correlations reported by Slamon 
have been confirmed in a number of studies (see, for 

10 example, Ro et al . Cancer Res. 41, 6941-6944 (1989); 

Walker et al . Brit. J. Cancer 426-429 (1989); Wright 

et al. Cancer Res. 2087-2090 (1989); Berchuck et al . 

Cancer Res 4087-4091 (1990); Kallioniemi et al . Int. 

J. Cancer 41, 650-655 (1991); Rilke et al . Int. J. 

15 Cancer £1, 44-49 (1991)). However, other investigators 
have not found a significant correlation between 
prognosis and HER-2/iieu overexpression in breast and 
ovarian cancer (see, for example. Van de Vijver et al . 
N. Engl. J. Med. HI, 1239-1245 (1988); Zhou et al . 

20 Oncogene 1, 105-108 (1989); Clark et al . Cancer Res. 

944-948 (1991); Kury et al, Eur. J. Cancer 26, 946-949 
(1990); Rubin et al . Am. J. Obstet . Gynecol. 168 . 162- 
169 (1993)). Presently, it is not clear in the art as 
to the reliability of HER-2/n^ overexpression as a 

25 prognostic factor in breast and other cancers. 

Most studies reported to date that have 
examined HER-2/ neu expression levels in human breast 
cancer tissue specimens have employed 

immunohistochemical analysis of fixed paraffin-embedded 
30 tissue samples. A variety of anti-pl85"^-2/a£ii antibodies 

have been generated and used in evaluating HER-2/n^ 

expression (see, for example, van de Vijver et al. 

Cancer Cells 1, 385-391 (1989); Gullick et al , Int. J. 

Cancer Ifl, 246-254 (1987); Corbett et al . J. Path. 161 , 
35 15-25 (1990); Fendly et al . Cancer Res. 1550-1558 

(1990); Slamon et al . Cancer Cells 7, 371-380 (1989)). 
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In view of the contradictory conclusions regarding the 
predictive value of HER-2/ neu expression levels in 
breast cancer tissue. Press et al. (Cancer Res. 
2771-2777 (1994) ) undertook a systematic evaluation of 
5 28 different anti-pl85""^'2/xi£iA antibodies using multi- 
tumor tissue blocks. They observed significant 
variability in the detection of HER-2/n^ expression 
levels in the same tissue samples by different 
antibodies. It has become apparent that the antibody 
10 used in the analysis of HER-2/ngii expression is a 
crucial reagent that can significantly affect the 
reliability of HER-2/neii expression as a prognostic 

tool * 

U.S. Patent No. 4,968,603 discloses methods 

15 for screening patients suffering from breast and ovarian 
cancer for HER-2/n£ii expression or amplification. 
Expression of the HER-2/iieii gene can be measured in one 
instance by immunohistochemical staining using an 
antibody raised against part or all of the HER-2/iieu 

20 polypeptide. This disclosure does not provide 

anti-pl85"^^-2/iifiu antibodies nor does it suggest the 
variability with which different anti-pl85"^^~2/aeu 
antibodies may react with pl85"^^-2/iieii protein in 
biological samples. PCT Application No. WO89/10412 

25 discloses antibodies to HER-2/ii^ protein generated by 
using NIH 3T3 cells transfected with a HER-2/n^ full- 
length cDNA clone as the immunogen. Also disclosed are 
methods for detecting HER-2/n^ overexpression using 
anti-pl85"^-2^a£u antibodies. PCT Application No. 

30 WO89/06692 discloses antibodies raised to NIH 3T3 cells 
transfected with full-length HER-2/neu cDNA clone and 
discloses methods for detecting tumors expressing 
HER-2/nsu using anti-pl85«ER-2/ii£u antibodies. PCT 
Application No. WO93/03741 discloses antibodies raised 

35 to SK-BR-3 human breast cancer cells as an immunogen. 
None of these applications describe the reaction of 
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ant i -pi 8 5^^^"^ antibodies with human cancer tissue 
samples. In addition, none of these applications 
address the problem of variable reactivity of 
anti-pl85-"^~2^^^ antibodies with HER-2/n^ protein in 

5 tissue samples. 

It has been recently reported (Muss et al . N. 
Engl. J. Med. 330 . 1260-1266 (1994)) that node-positive 
breast cancer patients treated with high-dose 
chemotherapy had significantly longer time to relapse 

10 and longer survival time if their tumors had HER-2/ngu 
overexpression, while patients with little or no 
HER-2/ngu expression showed no significant benefit to 
increased dosage. 

In view of the potential importance of 

15 HER-2/neu overexpression in predicting response to 
treatment in certain cancers, it is desirable to 
identify reagents which will accurately and reliably 
measure levels of HER-2/neM expression. In particular, 
it is desirable to develop anti-pl85HER-2/n£u antibodies 

20 which are useful for detection of HER-2/nmi expression 
in cell and tissue specimens using immunostaining 
techniques. It is desirable that the antibodies react 
strongly with biological samples that exhibit HER-2/neu 
overexpression while, at the same time, react poorly or 

25 not at all with samples expressing HER-2/neu at normal 
levels . 



.qummarv of the Invention 
30 The invention relates to anti-pl85«ER-2/n£u 

monoclonal antibodies or antibody fragments thereof 
which bind to denatured epitopes comprising a subset of 
amino acids residues 96-191 of the HER-2/ngii protein as 
shown in Figure IB <SEQ ID NO: 3) . The antibodies 
35 recognize HER-2/ngLi protein in biological samples that 

have been treated with a fixative, but recognize poorly. 
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or not at all, HER-2 / neu protein in its native 
conformation in biological samples. 

Anti-pl85"^^"2/iieu antibodies of the invention 

will react strongly with biological sample having 
5 HER- 2 / neu overexpression, but will react weakly or not 
at all with samples having normal levels of HER- 2 / neu 
expression.- Preferably, the antibodies will react 
strongly with at least 80% of cancer specimens (tissues 
or cells) which overexpress HER-2/ neu and will react 

10 weakly or not at all with cancer specimens which express 
HER- 2 / neu at normal levels. In one embodiment, the 
antibody is selected from the group consisting of 
antibodies 9C2 and 11G5. Also encompassed by the 
invention are hybridoma cell lines producing such 

15 antibodies. 

The invention also relates to a method for 
detecting HER- 2 / neu expression in a biological sample by 
contacting the sample with an anti-pl85"^^*2/n£u antibody 
of the present invention under conditions appropriate 

20 for antibody binding to the sample, and determining the 
extent of antibody binding to the sample. Preferably, 
the biological sample is a cell or tissue specimen 
derived from stomach, lung, breast, pancreatic, prostate 
or ovarian cancer which is treated with a fixative prior 

25 to analysis - 

The invention also relates to a kit for use in 
detecting HER- 2 / neu expression in a biological sample 
using the antibodies of the present invention. 

30 

Description of the Figures 

Figure 1. (a) Sequence of a synthetic gene 
encoding the HER- 2 / neu (96-191) extracellular domain 
35 protein fragment produced by assembly of 
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oligonucleotides 150-1 to 150-24. (b) Amino acid 
sequence of HER-2/neu (96-191) polypeptide fragment. 

Figure 2. Immunocytochemical staining of cell 
5 lines. Cultured cell lines were fixed with Saccamanno 
fluid and immunoperoxidase stained with 9C2 antibody. 
Staining of SK-BR-3 human breast adenocarcinoma cells is 
shown in panel a. Panels b shows staining of CHO-HER-2 
B7 cells, which are Chinese hamster ovary (CHO) cells 
10 transfected with a vector that directs expression of 

elevated levels of human pl85"^°-2/xiSii^ Staining of CHO- 
PCN cells, which are transfected with a negative control 
vector, is shown in panel c. All prints represent 
identical exposure times. 

15 

Figure 3. Immunohistochemical staining of 
paraffin -embedded, fonnal in- fixed human breast tissue 
specimens. Breast specimens in multitissue slides were 
immunohistochemically stained with either antibody 11G5 
20 (panels a and b) or antibody 9C2 (panels c and d) . 

Panels a and c show staining of normal breast specimens. 
Panels b and d show staining of breast tumor specimens. 
All prints represent identical exposure times. 

25 

Detailed Des cription of the Invention 

As used herein, the term '•HER-2/iieu" refers to 
HER-2/n^ nucleic acid sequences, and the terms 
30 "pi85"^^-2/iifiU" and "HER-2/ neu protein" refer to the 

encoded protein. 

The invention provides for anti-pl85-"^~2/n£u 

antibodies which are useful for quantifying levels of 
HER-2/ii^ expression in biological samples. More 
3 5 particularly, the antibodies are useful in 

immunocytochemical and immunohistochemical analysis of 
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cancer tissue for HER-2/ neu expression levels. 
Overexpression of HER-2/ngu may represent a prognostic 
factor indicating time to relapse and probability of 
survival for breast and ovarian cancer patients. 
5 Aggressive treatment regimens after surgery may be 
indicated for those patients whose tumors exhibit 
elevated levels of HER-2/ neu protein. 

The antibodies of the present invention were 
raised against a HER-2/ neu extracellular domain protein 

10 fragment prepared as described in Example 1. This 

fragment, encompassing amino acid residues 96-191 of the 
HER-2/n^ polypeptide, was chosen for its likely 
antigenicity and relatively low homology to human 
epidermal growth factor (EGF) receptor. Monoclonal 

15 antibodies to the HER-2/ neu extracellular domain protein 
fragment were generated using standard techniques and 
high titer hybridomas were subjected to dilution cloning 
and further screened in ELISAs for reaction with the 
HER-2/ neu 95-191 fragment (see Example 2) . Dilution 

20 clones which were strongly positive were further 

characterized for binding to the HER-2/iieu protein 
expressed in transfected CHO cells (Example 3A) and in 
breast tumor samples (Example 3B) . 

The antibodies of the present invention 

25 encompass monoclonal antibodies and fragments thereof 

which bind to denatured epitopes comprising a subset of 
amino acids residues 96-191 of the HER-2/ neu protein as 
shown in Figure IB (SEQ ID NO: 3). The antibodies 
recognize HER-2/ neu protein in biological samples that 

30 have been treated with a fixative which denatures 

protein antigens (see Example 3) but react poorly, or 
not at all, with HER-2/ neu protein in biological samples 
which have not been treated with a fixative. Samples 
having HER-2/ neu protein in a denatured conformation 

35 include cells and tissues that have been fixed for 

immunocytochemistry or immunohistochemistry , On the 
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Other hand, cells expressing which have not 

been treated with a fixative (e.g., actively 
proliferating cells or cells prepared for flow 
cytometry) will have HER-2/imu protein in a native 
5 conformation. As used herein, the term "epitope" refers 
to the region of the HER-2/aeu polypeptide bound by an 
anti-pl85"^^-2/iieii antibody, wherein the binding prevents 
association of a second anti-plSSH^R-^/xifiii antibody. In 
the present invention, the epitope recognized by a 

10 pi85"E^"2/iieu antibody comprises a subset of amino acids 
96-191 of the KER-2/ neu protein. The term "native" 
refers to the presence of a naturally occurring 
three-dimensional protein conformation whereas the term 
"denatured" refers to either the absence of part or all 

15 of the naturally-occurring conformation or to the 

presence of a non-natural ly occurring three-dimensional 

c on f orma t i on . 

Antibody fragments include those portions of 
the antibody which bind to the epitope on the HER-2/neu 

20 protein described above. Examples of such fragments 

include Fab and F{ab') fragments generated by enzymatic 
cleavage of full-length antibodies. Other binding 
fragments include those generated by recombinant DNA 
techniques, such as expression of recombinant plasmids 

25 containing nucleic acid sequences encoding antibody 

variable regions. 

Anti-pl85"E^-2/xifiii antibodies have been used 
previously to detect HER-2/n^ expression levels in cell 
and tissue samples. However, the antibodies described 

30 herein have distinct advantages over the antibodies in 
the art in that they have enhanced sensitivity and 
specificity in detecting HER-2/iieu overexpression in 
human cancer specimens (cells or tissues) that have been 
treated with a fixative. The term "sensitivity" refers 

35 to the ability of an antibody to react strongly with 

cells or tissues which exhibit HER-2/neu overexpression. 
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The term "specificity" refers to the ability of an 
antibody to react weakly or inability to react at all 
with cells or tissues which exhibit normal HER-2/ neu 
expression. It is anticipated that cells or tissues 
5 having greater than about two- fold overexpression of 
HER-2/ii^ will be detected by the antibody, and 
preferably greater than about five- fold overexpression 
will be detected. The optimal antibodies for detecting 
HER-2/ii£u overexpression will have a high sensitivity 

10 (few false negatives) and high specificity (few false 
positives) . Anti-pl85"ER-2/n£u antibodies having these 
properties will be more reliable reagents for predicting 
whether a given sample has elevated levels of HER-2/ neu 
protein and, in turn, for predicting rate of relapse and 

15 length of survival after surgery. 

Press and colleagues (Press et al . suora ) have 
tested 28 different anti-pl85"E^-2/n£u antibodies for 
immunostaining of fixated and paraffin -embedded breast 
cancer tissues having known levels of HER-2/neLi 

20 amplification and/or overexpression. Many of the 

antibodies tested had 100% specificity, i.e., no false 
positives, yet the sensitivities for HER-2/ neu staining 
ranged from 2% to greater than 80%. Unexpectedly, it 
was observed (see Table 2 on p. 2774) that antibodies 

25 9C2 and 11G5 disclosed herein had 80% or greater 

sensitivity for immunostaining breast cancers and had 
the highest combined sensitivity and specificity of 
immunostaining for any of the monoclonal antibodies 
tested. Further, 9C2 had among the highest combined 

30 sensitivity (greater than 80%) and specificity (100%) of 
immunostaining of any of the antibodies tested whether 
polyclonal or monoclonal. The antibodies of the present 
invention retain the specificity for HER-2/ neu protein 
immunostaining characteristic of other anti-pl85"^^'2/iifiu 

35 antibodies while at the same time show markedly 
increased sensitivity, and therefore represent a 
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significant improvement over the antibodies previously 
available. Preferably, antibodies of the invention will 
detect HER-2/ neu overexpression in 80% or more of those 
tissues known to have elevated levels of HER-2/ neu 
5 protein. In another embodiment, it is preferred that 
the antibodies have 100% specificity, that is the 
antibodies do not yield false positive results on 
immunostaining of biological samples. 

The anti-pl85"ER-2/iieu antibodies in the prior 

10 art have either been raised against the entire 

extx'acellulai* domain of HER-2/ neu expressed on viable 
cell surfaces or against HER-2/ii^ peptides which are 
distinct from the region of amino acids 96-191 used 
herein. (See •'Background** section for citation of 

15 references to anti-plBS"^^"^/^^ antibodies) . The 

properties of the ant i -pi 8 5"^'^^*^^ antibodies of the 
present invention suggest that they recognize a 
denatured epitope of the HER-2/nj£U (96-191) 
extracellular domain. This may explain the improved 

20 sensitivity of the antibodies that was observed in the 
studies reported by Press et al . supra . 

Also encompassed by the invention are the 
hybridoma cell lines which produce the antibodies of the 
invention. In one embodiment, the hybridoma cell lines 

25 produce antibodies designated 9C2 and 11G5. A dilution 
clone of the hybridoma cell line which produces the 9C2 
antibody (designated 9C2C1A9) was deposited with the 
American Type Culture Collection, Rockville, MD on 
with accession no. . A dilution 

30 clone of the hybridoma cell line which produces the 11G5 
antibody (designated 11G5G1B11) was deposited with the 
American Type Culture Collection, Rockville, MD on 

under accession no. . 

Also encompassed by the invention is a method 

35 for detecting HER-2/iie]^ expression in a biological 

sample by contacting the sample with an anti-pl85"E^"2/ii£u 
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antibody of the present invention under conditions 
appropriate for antibody binding to the sample, and 
determining the extent of antibody binding to the sample 
wherein the improvement comprises contacting the sample 
5 of the anti-pl85"E^~2^^ifi^ antibodies of the invention. The 
biological sample may be a fluid (blood, serum, urine, 
semen) , intact cells or extracts thereof, or tissue 
samples. Preferably, the sample is a clinical cytology 
specimen (e.g, fine needle breast biopsy and pulmonary 

10 cytology specimen) or a human tissue specimen from, for 
example, stomach, lung, breast, ovarian, pancreatic or 
prostate tumors. The method of detecting HER-2/ii^ 
expression may employ any suitable immunoassay, such as 
a solution assay (radioimmunoassay, enzyme- linked 

15 immunosorbent assay) , immunoblotting, or cell or tissue 
imunostaining. In a preferred embodiment, the method of 
detection is cell or tissue immunostaining* Biological 
samples may be processed prior to contacting antibody by 
a variety of methods available to one skilled in the 

20 art. In one embodiment, the sample (usually a cell or 
tissue specimen) has been treated with a fixative 
suitable for subsequent immunocytochemical or 
immunohistochemical analysis. The appropriate fixatives 
are known in the art and include organic solvents 

25 (alcohols and acetone) or cross-linking reagents 
(formaldehyde or glutaraldehyde) . 

It is anticipated that the antibodies of the 
invention will be useful in assays where the antigen to 
be identified exists among many other cell or tissue 

3 0 components. In these instances, the extent of antibody 
binding may be detected by a label attached directly to 
the antibody such as a radioactive (I^^S)^ chemical 
(biotin) , fluorescent (fluorescein or rhodamine) or 
enzymatic (horseradish peroxidase or alkaline 

35 phosphatase) label. Alternatively, a double antibody 
assay may be used wherein the primary antibody is an 
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ant i -pi 8 S"^^"^'^^^ antibody which, when bound to antigen, 
is detected by a second antibody which will bind 
specifically to the primary antibody (e.g., anti-mouse 
IgG antibody) . The second antibody will have a 
detectable label selected from those described above. 

The invention also relates to a kit for use in 
detecting HER-2/n^ expression in a biological sample 
comprising the antibodies of the present invention. 
Preferably, the antibodies are 9C2 and 11G5. In 
addition to antibody, the kit may include any additional 
reagents necessary for determining HER-2/neu expression 
levels in a biological sample- Such reagents may 
include a secondary antibody, a detectable label, 
blocking serum, positive and negative control samples 
and detection reagents. 

Procedures for immunizing animals, generating 
and culturing hybridomas, screening for antibody 
production and performing various immunoassays are 
described herein or were carried out essentially as 
described in Harlow and Lane Antibodi f^s: A Laboratory 
Manual , Cold Spring Harbor Laboratory (1988) and Zola, 
Monoclonal Antibodies: A Manual of Techniques. CRC 
Press, Boca Raton, FL (1987), the relevant portions of 
which are incorporated herein by reference. Recombinant 
DNA techniques are described herein or were carried out 
essentially as described in Maniatis et al . , MQlegyJ-ay 
Cloning: A Labora ^o^-v Manual. Cold Spring Harbor 
Laboratory (1982) the relevant portions of which are 
incorporated herein by reference. 

The following examples are offered 
to more fully illustrate the invention, but 
are not construed as limiting the scope 
thereof . 
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EXAMPLE 1 

Construction and Expression of a HER-2/n eu Extracellular 
Domain Peptide Fragment 

The human c-erbB-2 or HER-2/ neu gene has been 
cloned and sequenced by several groups (Semba et al . 
?ypir^ ; Coussens et al . supra : King et al . supra ) . The 
extracellular domain of HER-2/ neu corresponds to amino 
acids residues 1-650 where residue 1 is the amino 
terminal methionine and residue 651 corresponds to the 
start of the transmembrane domain. This region was 
examined by sequence composition, hydrophilicity and 
structural parameters to define a region of about 100 
amino acid residues that would be suitable as a 
HER-2/ neu immunogen. 

Amino acid residues 1-650 of HER-2/ neu are 
characterized by four distinct domains. Domain I 
spanning residues 1-190 represents the amino terminal 
portion of the protein and possesses four possible 
N-glycosylation sites and four cysteine residues. 
Domain II extends from residues 191 through residue 343 
and contains 23 cysteine residues. This cysteine rich 
region was deemed unsuitable for a synthetic gene due to 
possible protein aggregation and/or refolding problems. 
Domain III (amino acid residues 344-502) along with 
Domain I has relatively few cysteines. Domain IV (amino 
acid residues 503-649) is another cysteine rich domain 
(21 cysteine residues) and was again considered 
unsuitable for initial synthetic gene expression work. 

Domain I (a. a. 1-190) was examined in further 
detail to locate the best subregion with antigenic 
character. Hopp and Woods analysis (Hopp et al . Proc. 
Natl. Acad. Sci . USA 78, 3824-3828 (1981)) shows that 
amino acids 1-95 contains only 24% net hydrophilic 
character while region 96-191 contains 43% net 
hydrophilic residues. Hydrophilicity is a good 
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indication of protein regions that are likely to be 
located on the surface of the folded structure. Their 
surface accessibility makes them potential antigenic 
epitopes . 

5 The HER-2/ii£U protein has strong homology to 

the epidermal growth factor (EGF) receptor. Therefore, 
Domains I -IV were evaluated for sequence homology to the 
EGF-receptor protein. The relative homology for each 
domain was 1:42%, 11:49%, 111:40%, and IV:44%. The 

10 homology of two subregions of Domain I to EGF receptor 
were found to be 1-95:46% and 96-191:37%. The lower 
homology of the region 96-191 (37%) was considered 
advantageous in ensuring that the antibody generated to 
HER-2/iigii does not also recognize the EGF receptor 

15 protein. 

As a result of this examination, a synthetic 
gene was designed to encode the HER-2/iigu protein 
fragment having amino acids residues 96-191. The 
resulting protein fragment is useful for raising 
20 anti-HER2 antibodies. 

The synthetic gene was divided into 24 
oligonucleotides for DNA synthesis as shown in Table 1: 



SEQ ID NO. 4 : 

5' CTA GAA GGA GGA ATA ACA 
SEQ ID NO. 5: 
30 5' CGC TGG AGC ATA TGT TAT 
SEQ ID NO. 6: 

5' AGC GTC TGG GTA TTG TAG 
SEQ ID NO. 7: 

5 * TGG GTA CCA CGT ACA ATA 
35 SEQ ID NO. 8: 

5 ' CCC AGC TCT TCG AAG ATA 



TABLE 1 

TAT GCT CC -3* 150-1 

TCC TCC TT 3 * 150-2 

GTG GTA 3' 150-3 

CGC AGA 3' 150-4 

ACT ACG CAC TGG CTG T 3* 150-5 
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SEQ ID NO. 9: 

5* CAGTAC AGC CAG TGC GTA GTT ATC TTC GAA GAG C 3' 150-6 
SEQ ID NO. 10: 

5' ACT GGA CAA CGG TGA TCC TCT GAA CAA 3* 150-7 
5 SEQ ID NO. 11: 

5^ GGT GTT GTT CAG AGG ATC ACC GTT GTC 3' 150-8 
SEQ ID NO. 12 : 

5' CAC CAC TCC GGT AAC TGG TGC TTC TCC 3* 150-9 
SEQ ID NO. 13: 

10 5* GCC AGG AGA AGC ACC AGT TAC CGG AGT 3' 150-10 
SEQ ID NO. 14 : 

5' TGG CGG TCT GCG TGA ACT GCA GCT CCG T 3* 150-11 
SEQ ID NO. 15: 

5* AGC TAC GGA GCT GCA GTT CAC GCA GAC C 3* 150-12 
15 SEQ ID NO. 16: 

5* AGC TTG ACT GAA ATC CTC AAA GGT G 3* 150-13 
SEQ ID NO. 17: 

5' ACG CCA CCT TTG AGG ATT TCA GTC A 3* 150-14 
SEQ ID NO. 18: 

20 5* GCG TAC TGA TCC AGC GTA ACC CTC A 3' 150-15 
SEQ ID NO. 19: 

5' CAG CTG AGG GTT ACG CTG GAT CAG T 3* 150-16 
SEQ ID NO. 20: 

5' GCT GTG CTA TCA GGA TAC TAT CCT 3* 150-17 
25 SEQ ID NO. 21: 

5' CCA CAG GAT AGT ATC CTG ATA GCA 3' 150-18 
SEQ ID NO. 22: 

5' GTG GAA AGA CAT CTT CCA CAA GA 3* 150-19 
SEQ ID NO, 23: 

30 5' TTG TTC TTG TGG AAG ATG TCT TT 3' 150-20 
SEQ ID NO. 24: 

5* ACA ACC AGC TGG CTC TGA C 3' 150-21 
SEQ ID NO. 25: 

5' CAG AGT CAG AGC CAG CTG G 3' 150-22 
35 SEQ ID NO. 26: 

5' TCT GAT CGA CAC CAA CCG TTC TCG AGC TTA ATA G 3* 150-23 
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SEQ ID NO. 27: 

5' GAT CCT ATT AAG CTC GAG AAC GGT TGG TGT CGA T 3* 150-24 



5 The oligonucleotides were synthesized on an 

Applied Biosystems 380B DNA synthesizer using 
phosphoramidite chemistry (Caruthers, Science 210, 281 
(1985)). The HER-2/iieM synthetic gene fragment was 
assembled in two sections of 12 oligonucleotides each, 

10 The 5* gene section consisted of oligonucleotides 150-1 
through 150-12 assembled as shown in Figure lA {SEQ ID 
NO. 1 and SEQ ID NO. 2) and contained Xbal and 
pseudoHindlll ends. The 3' gene section consisted of 
oligonucleotides 150-13 through 150-24 assembled as 

15 shown in Figure lA and contained pseudoHindlll and BamHI 
ends. The pseudoHindlll to BamHI gene section was 
cloned into the Hindlll and BamHI polylinker sites of 
pCFM1156 (Burnette et al . Bio /Technology ^, 699-706 
(1988)). The 5* gene section was then cloned into the 

20 Xbal and Hindlll sites to complete assembly of the 

HER-2/iieii gene fragment. This construct, designated 
ppPMl 1 Sfi/HER-2/ neu , allowed the direct expression of the 
HER-2/neii gene fragment by induction of the temperature 
sensitive promoter in pCFMll56, The synthetic gene 

25 fragment was confirmed to be as designed by DNA 
sequencing. 

The HER-2/neu (96-191) polypeptide was 
purified as follows. A 300 ml overnight culture of the 
pCFMll56/HER-2/ii^ in E. coli strain FM6 (ATCC accession 

30 no. 53910) was grown at 30''C in LB media containing 50 

jig/ml kanamycin. The overnight innoculum was added to a 
5 L fermentation vessel containing 5 L standard media 
(Standard media is per L: 2.3 g KOH; 0.9 g KH2PO4; 4.5 g 
K2HPO4; 14.3 g yeast extract; 29.6 g (NH4)2S04; 11.25 g 

35 glucose; 0.92 g MgS04 and is supplemented with trace 

metals, vitamins and thiamin). The fermentation was run 
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at 30^C until the ODgoo^l-S. Temperature was shifted to 
42°C and the f emnentation continued until the final 
OD6oo=ll-2. The bacteria were collected by 
centrifugation and the supernatant was discarded. The 
5 cell pellet was resuspended in 150 ml of distilled H2O. 
Disruption of the cells was perfoirmed by passing the 
cell suspension through a Microf luidizer Model llOY. 
The solution was centrifuged to pellet the inclusion 
bodies which were resuspended in distilled H2O at a 

10 final volume of 50 ml. 

A portion (5.0 ml) of the HER-2/ngii protein 
inclusion body suspension was pipetted into a 50 ml 
conical bottom centrifuge tube. 5.0 ml of 8.0 M 
guanidine/100 mM dithiothreitol/50 mM Tris-HCl pH 8.0 

15 was added to the suspension. The mixture was sonicated 
to solubilize the inclusion bodies. The solution was 
diluted to 0,5 M guanidine with 50 mM Tris^HCl pH 8.0. 
The precipitate was collected by centrifugation and 
solubilized in 20 ml of 30% acetonitrile/70% 50 mM 

20 Tris-HCl pH 8.0 with sonication. The solution was 

. filtered through a 0.45^ filter. 14 ml of the filtrate 

was purified by reverse phase HPLC on a 1.0 cm x 30 cm 
Vydac 3000A wide pore CI 8 column with a mobile phase 
gradient of 30-45% B/15 min, where A was 0.1% 

25 trif luoroacetic acid in water and B was 0.05% 

trif luoroacetic acid in acetonitrile, at a flow of 3.0 
ml/min. Fractions containing HER-2/ neu extracellular 
domain peptide were pooled and lyophilized. The yield 
of peptide from 14 ml of filtrate was 2 mg. The 

30 purified protein was found to have the predicted 

ami no -terminal sequence and amino acid composition. 
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EXAMPLE 2 

Generation of HER2 Monocl onal Antibodies 

Antibodies to HER-2/iigii extracellular domain 
5 were generated using standard techniques such as those 
described in Harlow and Lane Antibodies: A Laboratory 
Manual , Cold Spring Harbor Laboratory (19 88) . 

2 mg of purified HER-2/n^ extracellular 

domain prepared as described in Example 1 were suspended 
10 in 1 ml of 0,1 M phosphate buffer, pH 7.5, and 50 ^1 of 

1 M carbonate /bicarbonate buffer were added to bring the 
pH to about 9.5. 10 jll aliquots of dimethyl 

suberimidate (10 mM in H2O) were added at one hour 
intervals with stirring at room temperature and the 
15 mixture was incubated at 37^0, After the third addition 
of suberimidate, 100 jil (500 lig) of adjuvant peptide 

(N-acetyl muramyl L-alanyl D-isoglutamine; Sigma 
Chemical Co., St. Louis, MO) were added and the mixture 
was incubated at 30**C for an additional two hours. The 
20 mixture was then diluted to 2 ml by addition of 820 |il 

of 0.1 M phosphate buffer, pH 6.0 and 1 ml was 
emulsified with 1 ml of complete Fruend's adjuvant. 

Ten mice were each injected with 100 |il of 

emulsion and eleven days later each received a second 
25 injection. About five weeks later, test bleeds of each 
mouse were taken, serum was recovered and diluted 1:100 
with sterile PBS, and binding to HER-2/ neu extracellular 

domain was determined on each serum sample. Each well 
of Immulon microtiter plates was coated with 100 |il of a 
30 3 vig/ml solution of HER-2/n^ extracellular domain 
polypeptide in 20 mM phosphate buffer, pH 7.5 (300 
ng/well) and incubated at 4*^0 overnight. 2.5% bovine 
serum albumin (BSA) was diluted 1 to 1 with distilled 
water and 200 \il of the resulting solution were added to 

35 each well without removal of HER-2/n^ protein solution. 
The plates were then incubated at 37^C for 1.5 hrs and 
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the contents of the wells removed. 100 M^l of 0.2 5% BSA 
in PBS were added to each well and 100 ill of ten 
different mouse antisera were added starting with a 1 to 
200 dilution of antiserum and continuing with serial 
5 two- fold dilutions to 1 to 25,600. The plates were 
incubated at room temperature for two hours, then the 
contents of the well were removed, the wells washed four 
times with TEN buffer and 100 ^l of a 1 to 4000 dilution 

of goat anti-mouse horseradish peroxidase conjugate 
10 (Kirkegaard and Perry Laboratories) was added to each 
well. The secondary antibody conjugate was incubated 
for about two hours at room temperature, the contents of 
the wells were removed and the wells were washed four 
times with TEN buffer. 100 ^il of 0,1 M phosphate buffer 
15 cund 50 ^ll of a solution of 3 ',3 ',5 ',5' 

tetramethylbenzidine and hydrogen peroxide were added to 
each well and incubated at room temperature for one 
hour, 50 jil of 0.5 N H2SO4 were then added to each well 

and samples analyzed on a plate reader against an air 

20 blank- The top five responding mice were designated in 
order A9, A3, AlO, Al and A2 . 

Spleens from the top five responding mice were 
removed, the cells dispersed and fused with SP2/0 mouse 
myeloma cells (ATCC accession no. CRL1581) . The fusions 

25 were cultured in microtiter plates in HAT selection 
medium using standard techniques. Cell culture 
supernatants were titered for antibodies reacting with 
the HER-2/ neu extracellular domain using the procedures 
described above for serum samples. Hybridomas 

30 designated 9C2, 11G5 and 5A11 were determined to have 
the highest titers. They were subjected to dilution 
cloning and second dilution clone hybridoma supernatants 
were screened for antibodies reacting with the HER-2/iim 
extracellular domain. A number of strongly positive 

35 clones were observed. The following clones were 
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selected for injection into mice for production of 
ascites fluid: 9C2C1A9, 9C2B10F12, 11G5B3H7 and 
11G5G1B11. 

Isotypes of 9C2 and 11G5 monclonal antibodies 
5 were determined using standard procedures described in 
Harlow and Lane, suora , The isotype of 9C2 was IgGi and 
the isotype of 11G5 was an IgGi/IgG2b chimera. 



10 EXAMPLE 3 

A, Immunocvtochemic a l staining of Cgll? ^xpr^gginQ 
high levels of the HER-2/neu prQtgj n 

Cultured cell lines were fixed with Saccomanno 

15 fluid and immunoper oxidase stained with either 9C2 

antibody, 11G5 antibody, positive control 9G6 antibody 
(known to recognize ^185^^-^^^) . or irrelevant negative 
control MOPC21 antibody. The SK-BR-3 human breast 
adenocarcinoma cell line (ATCC accession no. HTB 30) was 

20 obtained from the American Type Culture Collection 
(Rockville, MD) and cultured in RPMI 1640 medium 
supplemented with 10% fetal bovine serum 
(heat-inactivated) and IX L-glutamine. CHO-HER-2 B7 
cells, which are Chinese hamster ovary (CHO) cells 

25 transfected with a vector that directs expression of 

elevated levels of human pl85«ER-2/n£ii protein, and CHO-PCN 
cells, which are transfected with a negative control 
vector, were prepared generally as described in Slamon 
et al. Cancer Cells 7, 377-384 {1989). The growth 

30 medium for CHO-HER-2 B7 and CHO-PCN cells was a-minumum 
essential medium without nucleotides containing 50 nM 
methotrexate, 0.75 mg/ml G418 and 10% dialyzed fetal 
bovine serum. Cells were cultured in Leighton tubes 
(Costar) which contain plastic inserts. These inserts 

35 can be removed with cells attached for staining and 

microscopic examination. Approximately 5-10 x 10^ cells 
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were seeded per Leighton tube. The cells were cultured 
for three days to 60-80% confluency- The Leighton tube 
inserts with attached cells were removed, rinsed in 
phosphate-buffered saline (PBS; 10 mM sodium phosphate, 
5 pH 7.5, 150 mM NaCl), immersed for 20 min in Saccomanno 
Fluid (Lerner Laboratories, Pittsburgh, PA) , allowed to 
dry at room temperature, and stored at room temperature. 
The cells were rehydrated prior to immunoperoxidase 
staining by immersing the Leighton tube inserts in 95% 

10 ethanol for 10 min, and then in PBS for 10 min. 

Immunoperoxidase staining used Elite ABC kits according 
to the manufacturer's directions (Vector Laboratories, 
Inc., Burlingame, CA) . The rehydrated cells were first 
covered with 1.5% normal horse blocking serum. The 

15 blocking serum was removed after 20 min and replaced 
with either irrelevant negative control mouse IgGl 
antibody MOPC21 (2 p,g/ml; Sigma Chemical Co., St, 
Louis, MO), anti-pl85™^^-2/ii£u positive control antibody 
9G6 (5 fig/ml; Oncogene Science, Inc., Uniondale, NY), 

20 protein G-purified antibody 9C2 (2 fig/ml), or protein 
G-purified antibody 11G5 (2 |xg/ml). Protein G 
purification of antibodies (dilution clones 9C2C1A9 and 
11G5G1B11) from ascites fluid was carried out on 
GammaBindG™ Agarose (Genex, Gaithersburg, MD) following 

25 procedures recommended by the manufacturer. After 60 
min incubation with one of these four antibodies, the 
Leighton tube inserts with attached cells were rinsed 
with PBS and then immersed in PBS for 10 min. Antibody 
localization was detected with a 30-min incubation with 

30 biotinylated anti-mouse IgG antibody, a 10-min immersion 
in PBS, a 30 min incubation with preformed 
avidin: biotinylated horseradish peroxidase complexes 
(Vectastain Elite ABC reagent), another 10-min immersion 
in PBS, and a 6-min development with 3,3*- 

35 diaminobenzidine/H202 substrate. The attached cells 

were then immersed in H2O for 10 min, dehydrated by two 
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3-inin immersions in 95% ethanol , two 3-min immersions in 
100% ethanol, and 25 dips in xylene. The Leighton tube 
inserts were attached to glass microscope slides and 
coverslipped with Permount (Fisher) • Brown staining, 
5 revealing sites of antibody binding, was observed on 
individual cells using light microscopy. 

Antibody 9C2 staining gave intense brown 
positive staining of SK-BR-3 breast carcinoma cells 
(Figure 2, panel a), which express high levels of 

10 pi85"^^-2/ii£ii protein (Scott et al . , J. Biol. Chem. 

266 . 14300-14305 (1991))/ In the CHO/HER-2 cultures, the 
9C2 antibody identified clusters of positively staining 
cells in a field of unstained cells (Figure 2, panel b) , 
and gave weak background staining of the CHO-PCN cells 

15 (Figure 2, panel c) . Antibody 11G5 gave similar 

staining patterns. The ant i-pl85"ER-2/nfiu positive control 
antibody 9G6 also provided similar staining patterns, 
while the negative control MOPC21 antibody yielded only 
weak background staining. These experiments show that 

20 antibodies 9C2 and 11G5 selectively stain cells 

expressing elevated levels of pl85"E^-2/Ja£u protein. 
Furthermore, the selective staining with 9C2 and 11G5 
antibodies was obtained after processing the cells with 
a clinical cytology fixation procedure (Saccomanno, Lab. 

25 Med. ifi, 523-527, 1979). 

B. Immunohistochemical st aining of human tissue 
sections 

Breast multitissue sections were stained with 
30 either 9C2 antibody, 11G5 antibody, positive control 

pAbl antibody (Triton Biosciences, Inc., Alameda, CA) , 
or irrelevant negative control MOPC141 antibody. 
Multitissue breast tissue slides (catalog number 88 
BTF-4), prepared according to the method of Battifora 
35 (Lab. Invest. ^,244-248 1986), were purchased from 
Xenetics Biomedical, Inc., (Irvine, CA) . Each 
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microscope slide had a section of a paraffin block 
containing multiple formal in- fixed human breast 
specimens. Normal breast specimens, benign fibroadenoma 
breast specimens, and breast tmnor specimens were 
5 organized into different compartments. Paraffin was 

removed from the sections by heating at 60^C for 30 min 
and immersion in xylene for 6 min. The tissue specimens 
were rehydrated by immersing the slides for 6 min in 
100% ethanol, then 6 min in 95% ethanol, and finally 10 

10 min in PBS. Immunoperoxidase staining used Elite ABC 

kits according to the manufacturer's directions (Vector 
Laboratories, Inc., Burlingame, CA) . The specimens were 
covered with 1.5% normal blocking serum. The blocking 
serum was removed after 20 min and replaced with either 

15 irrelevant negative control mouse IgG2b antibody MOPC141 
(2 iig/ml; Sigma Chemical Co.), anti-pl85"^^-2/ii£u positive 

control antibody pAbl (1:30 dilution; Triton 
Biosciences, Inc.), cintibody 9C2 (1:1,000 dilution of 
ascites fluid), or antibody 11G5 (1:1,000 dilution of 

20 ascites fluid) . After 60 min incubation with one of 
these four antibodies, the specimens were rinsed with 
PBS and immersed in PBS for 10 min. Antibody 
localization was detected with a 30-min incubation with 
biotinylated anti-mouse IgG or anti-rabbit IgG antibody, 

25 a 10-min immersion in PBS, a 30 min incubation with 
preformed avidin : biotinylated horseradish peroxidase 
complexes (Vectastain Elite ABC reagent), another 10-min 
immersion in PBS, and a 6-min development with 3,3*- 
diaminobenzidine/H202 substrate. The specimens were 

30 then placed in H2O for 10 min, and counter stained by 
immersion for 10 min in 0.1 M sodium acetate, pH 4, 
prior to a 10-min staining in ethyl green (Cell Analysis 
Systems, Inc., Elmhurst, ID . Following 
counter staining, the sections were quickly rinsed 

35 several times in H2O and in 1-butanol, cleared in 

xylene, and coverslipped with Permount (Fisher) . 
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Immunohistochemical staining of breast 
multitissue slides with anti-pl85™^"2/neu antibody 9C2 and 
11G5 gave positive staining of a subset of the breast 
tumor specimens. Figure 3, panel b shows three adjacent 
5 tumor specimens, with two specimens showing strong 
positive brown staining after immunohistochemical 
staining with antibody 11G5. Tumor cells in these 
specimens show heavy membrane staining with some 
cytoplasmic staining, while stromal cells in the tumor 

10 specimens were unstained. This is the expected staining 
pattern for tumors expressing high levels of pi85"^^-2/ney 
(Press, et al . , Oncogene 5.*953-962). Antibody 9C2 gave 
a nearly identical staining pattern (Figure 3, panel d) . 
These specimens did not stain with the negative control 

15 antibody MOPC141. The 11G5 and 9C2 antibodies both gave 
only weak background staining of normal breast tissue 
specimens (Figure 3, panels a and c) and benign breast 
fibroadenoma specimens. The 11G5 and 9C2 staining 
patterns were concordant with the staining pattern 

20 obtained with positive control anti-pl85"^*^~2/n£u antibody 
pAbl, indicating that the 11G5 and 9C2 antibodies 
selectively stain tumor cells with elevated levels of 
plBS^^^'^/nfiu in formal in- fixed and paraffin -embedded human 

breast tissues. 

25 

EXAHPLE 4 

Selectivitv and Sensitivity of 9C2 and 11G5 
30 Immunostainina o f Breast Carcinoma Tissue Samples: A 

Comparative Studv 

As indicated previously, HER-2/ii^ 

overexpression in human breast cancer has been 

correlated with poor survival in some studies but not in 
35 others. In an attempt to resolve this discrepancy. 

Press and colleagues (Press et al . , supra ) compared a 
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set of HER-2/ neu antibodies for sensitivity and 
selectivity of immunostaining of breast carcinoma 
tissues in multi-tissue tumor blocks. The tissue 
samples used had known levels of HER-2/ neu expression as 
5 determined by Southern, Northern and Western analysis 
(Slamon et al. Science {1987), suora : Slamon et al. 
Cancer Cells (1989), supra ) . The result of this 
comparative study are presented in Table 2 of Press et 
al., supra . In comparison to 27 other anti-plSS^^-^/nsu 

10 antibodies tested, antibody 9C2 was found to have the 

highest sensitivity in identifying breast cancer samples 
having HER-2/ neu overexpression. At the same time, 
antibody 9C2 retained 100% specificity. 11G5 showed the 
second highest sensitivity (along with polyclonal 

15 antibody R60) of any of the antibodies tested although 
the specificity of 11G5 was 92%. It should also be 
noted that of the top five antibodies shown in Table 2 
of Press et al., 9C2 and 11G5 are the only monoclonal 
antibodies while the other preparations are polyclonal 

20 antibodies. This study demonstrates distinct advantages 
of anti-pl85«ER-2/neii antibodies 9C2 and 11G5 in the 
detection of HER-2/ neu levels in breast carcinoma tissue 
samples . 
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While the invention has been described in 
5 what is considered to be its preferred embodiments, it 
is not to be limited to the disclosed embodiments, but 
on the contrary, is intended to cover various 
modifications and equivalents included within the 
spirit and scope of the appended claims, which scope 
10 is to be accorded the broadest interpretation so as to 
encompass all such modifications and equivalents. 
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SEQUENCE LISTING 



(!) GENERAL INFORMATION: 

(i) APPLICANT: Amgen Inc. 



(ii) TITLE OF INVENTION: Methods And Compositions For Determining 

HER-2 / neu Expression 



(iii) NUMBER OF SEQUENCES: 27 

<iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Amgen Inc. 

(B) STREET: 1840 Dehavilland Drive 

(C) CITY: Thousand Oaks 

(D) STATE: California 

(E) COUNTRY; USA 

(F) ZIP: 91320-1789 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
(B> FILING DATE: 
(C) CLASSIFICATION: 

(viii) ATTORNEY /AGENT INFORMATION: 
(A) NAME: Winter, Robert B. 
(C) REFERENCE /DOCKET NUMBER: A- 3 27 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 322 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

TCTAGAAGGA GGAATAACAT ATGCTCCAGC GTCTGCGTAT TGTACGTGGT ACCCAGCTCT 60 

TCGAAGATAA CTACGCACTG GCTGTACTGG ACAACGGTGA TCCTCTGAAC AACACCACTC 12 0 

CGGTAACTGG TGCTTCTCCT GGCGGTCTGC GTGAACTGCA GCTCCGTAGC TTGACTGAAA 18 0 
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TCCTCAAAGG TGGCGTACTG ATCCAGCGTA ACCCTCAGCT GTGCTATCAG GATACTATCC 24 0 

TGTGGAAAGA CATCTTCCAC AAGAACAACC AGCTGGCTCT GACTCTGATC GACACCAACC 300 
GTTCTCGAGC TTAATAGGAT CC 322 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 322 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



AGATCTTCCT 


CCTTATTGTA 


TACGAGGTCG 


CAGACGCATA 


ACATGCACCA 


TGGGTCGAGA 


60 


AGCTTCTATT 


GATGCGTGAC 


CGACATGACC 


TGTTGCCACT 


AGGAGACTTG 


TTGTGGTGAG 


120 


GCCATTGACC 


ACGAAGAGGA 


CCGCCAGACG 


CACTTGACGT 


CGAGGCATCG 


AACTGACTTT 


180 


AGGAGTTTCC 


ACCGCATGAC 


TAGGTCGCAT 


TGGGAGTCGA 


CACGATAGTC 


CTATGATAGG 


240 


ACACCTTTCT 


GTAGAAGGTG 


TTCTTGTTGG 


TCGACCGAGA 


CTGAGACTAG 


CTGTGGTTGG 


300 


CAAGAGCTCG 


AATTATCCTA 


GG 








322 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

{A) LENGTH: 97 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Met Leu Gin Arg Leu Arg He Val Arg Gly Thr Gin Leu Phe Glu Asp 
15 10 15 

Asn Tyr Ala Leu Ala Val Leu Asp Asn Gly Asp Pro Leu Asn Asn Thr 
20 25 30 

Thr Pro Val Thr Gly Ala Ser Pro Gly Gly Leu Arg Glu Leu Gin Leu 
35 40 45 

Arg Ser Leu Thr Glu He Leu Lys Gly Gly Val Leu He Gin Arg Asn 
50 55 60 
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Pro Gin Leu Cys 
65 

Lys Asn Asn Gin 
Ala 



Tyr Gin Asp Thr 
70 

Leu Ala Leu Thr 
85 



lie Leu Trp Lys 
75 

Leu lie Asp Thr 
90 



Asp lie Phe His 
80 

Asn Arg Ser Arg 
95 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

{ C ) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
CTAGAAGGAG GAATAACATA TGCTCC 
(2) INFORMATION FOR SEQ ID NO: 5: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

CGCTGGAGCA TATGTTATTC CTCCTT 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 24 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
AGCGTCTGCG TATTGTACGT GGTA 24 
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(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
TGGGTACCAC GTACAATACG CAGA 24 
<2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
CCCAGCTCTT CGAAGATAAC TACGCACTGG CTGT 34 
(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 
CAGTACAGCC AGTGCGTAGT TATCTTCGAA GAGC 34 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
ACTGGACAAC GGTGATCCTC TGAACAA 27 
(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

( C ) STRANDEDNESS : s ing 1 e 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 
GGTGTTGTTC AGAGGATCAC CGTTGTC 27 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
CACCACTCCG GTAACTGGTG CTTCTCC 27 
(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
GCCAGGAGAA GCACCAGTTA CCGGAGT 27 
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(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUEa^CE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
TGGCGGTCTG CGTGAACTGC AGCTCCGT 
{2} INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

( C ) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
AGCTACGGAG CTGCAGTTCA CGCAGACC 
(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: cDNA 



(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
AGCTTGACTG AAATCCTCAA AGGTG 
(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
ACGCCACCTT TGAGGATTTC AGTCA 
(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
GCGTACTGAT CCAGCGTAAC CCTCA 2 5 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single . 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
CAGCTGAGGG TTACGCTGGA TCAGT 25 
(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 
GCTGTGCTAT CAGGATACTA TCCT 24 
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(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
CCACAGGATA GTATCCTGAT AGCA 24 
(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 
GTGGAAAGAC ATCTTCCACA AG A 23 
(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE : nucleic acid 

( C ) STRANDEDNESS : s i ng 1 e 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 
TTGTTCTTGT GGAAGATGTC TTT 2 3 

(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 
ACAACCAGCT GGCTCTGAC 19 
(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
CAGAGTCAGA GCCAGCTGG 19 
(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 
TCTGATCGAC ACCAACCGTT CTCGAGCTTA ATAG 34 
(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27: 
GATCCTATTA AGCTCGAGAA CGGTTGGTGT CGAT 34 
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WHAT IS CIxAIMED IS: 

1. A monoclonal antibody, or fragment thereof, 
which binds to a denatured epitope comprising a subset 

5 amino acid residues 96-191 of the HER2/iisu protein as 
shown in Figure IB (SEQ ID NO: 3). 

2. The antibody of Claim 1 selected from the 
group consisting of 9C2 and 11G5. 

10 

3. The antibody of Claim 1 having a detectable 

label . 

4 . The antibody of Claim 3 wherein the label 
15 is radioactive, chemical, fluorescent or enzymatic. 

5. The antibody of Claim 1 which is a 
recombinant antibody. 

20 6. Hybridoma cell lines producing the 

monoclonal antibody of Claim 1. 

7, Hybridoma cell lines having ATCC accession 
nos . and . 

25 

8. In a method for detecting HER-2/iieu 
expression in a biological sample wherein the method 
comprises contacting the sample with an anti-pl85"E^-2/ne3j 
antibody under conditions appropriate for antibody 

30 binding to the sample and determining the extent of 

binding of the antibody to the sample; the improvement 
comprising contacting the sample with the antibody of 
Claim 1 . 

35 9. The method of Claim 8 wherein the sample is 

fluid, intact cell, cell extract or tissue. 
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10. The method of Claim 9 wherein the sample 
has been treated with a fixative, 

5 11. The method of Claim 10 wherein the 

fixative is a organic • solvent or a cross-linking 
reagent . 



12 . The method of Claim 9 wherein the sample 
10 is derived from stomach, breast, lung, pancreatic 

prostate or ovarian cancer tissue, 

13 . The method of Claim 8 wherein the extent 
of binding of antibody is determined by 

15 immunocytochemical or immunohistochemical staining. 

14. A kit for use in detecting HER-2/ neu 
expression in a biological sample comprising an antibody 
of Claim 1 . 



20 



15. The kit of Claim 14 wherein HER-2/ neu 
expression is detected by immunocytochemical or 
immunohistochemical staining . 
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FIG.1 A 



10 20 30 40 50 50 
150-1 150-3 

TCTAGAAGGAGGAATAACATATGCTCCAGCGTCTGCGTATTGTACGTGGTACCCAGCTCT 
AGATC .TTCCTCCTTATTGTATACGAGGTCGQAGACGCATAACATGCACCATGGGTCGAGA 

150-2 150-4 



70 80 90 100 110 120 
150-5 150-7 

TCGAAGATAACTACGCACTGGCTGTXCTGGACAACGGTGATCCTCTGAACAAtTACCACTC 
AGCTTCTATTGATGCGTGACCGACATGAQCTGTTGCCACTAGGAGACTTGTTGTGGtTGAG 
150^ 150-8 



130 140 150 160 170 180 
150-9 150-11 

CGGTAACTGGTGCTTCTCOTGGCGGTCTGCGTGAACTGCAGCTCCGTJVGCTTGACTGAAA 
GCCATTGACCACGAAGAGGACCGCCAGACGCACTTGACGTCGAGGCATCGAACTGACTTT 
150-10 150-12 



190 200 210 220 230 240 

150-13 150-15 150-17 

TCCTCAAA<3<3TGtX:GTACTGATCCAGCGTAACCCTCAt;CTGTGCTATCAGGATACTATCC 
AGGAGTTTCCACCGCATGACTAGGTCGCATTGGGAGTCGACACGATAGTCCTATGATAGG 
150-14 150-16 150-18 



250 260 270 280 290 300 
150-19 150-21 150-23 

TtSTGGAAAGACATCTTCCACAAGAVCAACCAGCTGGCTCTGAC^rCTGATCGACACCAACC 
ACACCJTTCTGTAGAAGGTGTTCTTGTTGGTCGACCGAGACTGAGACTAGCTGTGGTTGG 
150-20 150-22 150-24 



310 ^320 

GTTCTCGAGCTTAATAGGATCC 
CAAGAGCTCGAATTATCCTAGg 
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FIG. IB 

Met Leu Gin Arg Leu Arg He Vai Arg Gly Thr Gin Leu Phe 
Glu Asp Asn Tyr Ala Leu Ala Val Leu Asp Asn Gly Asp Pro 
Leu Asn Asn Thr Thr Pro Val Thr Gly Ala Ser Pro Gly Gly 
Leu Arg Glu Leu Gin Leu Arg Ser Leu Thr Glu He Leu Lys 
Gly Gly Val Leu He Gin Arg Asn Pro Gin Leu Cys Tyr Gin 
Asp Thr He Leu Trp Lys Asp He Phe His Lys Asn Asn Gin 
Leu Ala Leu Thr Leu He Asp Thr Asn Arg Ser Arg Ala 
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FIG.2A 
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FIG.3B 
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FIG.1A 



10 30 30 40 BO 60 

150-1 150-3 



TCTAGAAGGAGGAATAACATATGCTCCAGCGTCTGCGTATTGTACGTGGTACCCAGCTCT 
AGAT CJTCCTCCTTATTGTATACOAOGTCGGAGACGCATAACATGCACCAlXSGGTpGAGA 

150-2 1S0-4 



"50 BO SO IDO HQ IZQ 
t50-g 1S0-7 

TCGAAGATAACTACGCACTGGCTCTACTGGACAACGGTGAIXrCTC'rGAACAAlCACCACTC 
AGCTTCTATTGATSCGTGACCGACATGAGCtGTTGCCACTAGGAGACTTGTTGTGCTGAa 

150-6 1SO-0 



120 140 ISO 1«0 170 ISO 
150-8 ^ 1SD-I1 

CaGTAACrrGGTGCTTCTCerGGClMTCrTGCGTGAACTGCAGCTCCGTRGC^ 
GCCATTGACCACGAAGAGGACCGCCAGAOGCJVCTT.GACGTC0tfV<^ 

150-10 1S0-12 



190 200 210 220 2J0 240 
1fl»13 1fl<H5 1S0-17 

TCCTCAAA<5GTGGCGTACTGATCCAGCGTAACCCTCAI3CTGTGCTATCAGGATACTATCC 
AOGAGTTTCCACCGCAjrGACTAGGTCGCAyTGGGAGTCaACACOATAGTCCTATGftTAGO 
150-14 1»-ie 150-18 



250 2^0 270 290 290 300 
150-19 150-21 15»23 

TCTGGAAAGACATCTTCCACAAGJtACAACCA<K:TG«;TCTGAC!TCTGATCGACACCA^ 
ACACCrrTCTGTACAAGGTQTTCTTGTTCqTCGACCQAGACTGAaACTAGCTGTGGTTOG 
180-20 190-22 150-24 
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FIG. IB 

Met Leu Gin Arg Leu Arg He Vai Arg Gly Thr Gin Leu Phe 
Glu ASP Asn Tyr Ala Leu Ala Val Leu Asp Asn Gly Asp Pro 
Leu Asn Asn thr Thr Pro Val Thr Gly Ala Ser Pro Gly Gly 
Leu Arg Glu Leu Gin Leu Arg Ser Leu Thr Glu He Leu Lys 
Gly Gly Val Leu He Gin Arg Asn Pro Gin Leu Cys Tyr Gin 
Asp Thr He Leu Trp Lys Asp He Phe His Lys Asn Asn Gin 
Leu Ala Leu Thr Leu He Asp Thr Asn Arg Ser Arg Ala 
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FIG.2A 




FIG.2B 
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FIG.3A 
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FIG.3B 




SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO_„9e32480A2Tt_> 



wo 



6/6 



FIG.3C 




suBSinvre sheet (rule 26) 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 

C12N 15/12, C07K 16/32, CI2N 5/20, 
GOIN 33/53 



A3 



(11) Internati nal PublicaUon Number: WO 96/32480 

(43) International Publication Date: 17 October 1996 (17J0.96) 



(21) International AppUcaUon Number: PCT/US96/04890 

(22) International Filing Date: 9 April 1996 (09.04.96) 



(30) Priority Data: 

08/421.356 



13 April 1995 (13.04.95) 



US 



(71) AppUcant: AMGEN INC. [USAJS]; Amgcn Center. 1840 
Dchavilland Drive, Thousand Oaks, CA 91320-1789 (US). 



(72) Inventor: KOSKI. Raymond, A. 
Lyme, CT 06371-1364 (US). 



7 Meetinghouse Lane. Old 



(74) Acents: QDRE. Steven. M. ct al.; Amgcn Inc., Amgcn Center, 
" 1840 Dchavilland Drive, Thousand Oaks. CA 91320-1789 
(US). 



(81) Designated States: AL. AM. AT. AU. AZ. BB. BG, BR. BY, 
CA, CH, CN. CZ. DE. DK, EE. ES, R, GB, GE. HU, IS, 
JP, KE, KG, KP, KR. K2, LK, LR. LS, LT, LU, LV, MD. 
MG. MK. MN, MW. MX. NO, NZ. PL, PT, RO, RU, SD. 
SE, SG. SI. SK. TJ. TM, TR. TT, UA. UG, UZ, VN, ARIPO 
patent (KE. LS, MW, SD, SZ, UG). Eurasian patent (AM, 
AZ, BY. KG, KZ, MD. RU. TJ, TM). European patent (AT, 
BE, CH. DE. DK, ES. R, FR. GB, GR, IE. IT. LU, MC. 
NL. PT. SE), OAPI patent (BF. BJ, CF. CG. CI, CM. GA. 
GN. ML, MR. NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the evera of the receipt of 
amendments. 

(88) Date of publication of the international search report: 

15 May 1997 (15.05.97) 



(54) TiUe: METHODS AND COMPOSITIONS FOR DETERMINING HER-2/neu EXPRESSION 



(57) Abstract 

Anli-pl85"^-^~" antibodies which are useful in the detection of HER-2/neu oncogene overexpression in biological samples are 
described. The antibodies are accurate and reliable in inununocytochemical or immunohistochemical assays of cell and tissue samples. 
Also described are methods for detecting HER-2/ncu oncogene expression in a biological sample using the antibodies of the invention and 
a diagnostic kit comprising the antibodies. The reagents provide an accurate means of identifying certain cancer patients who have the 
greatest probability of relapse and/or the least likelihood of survival. 



(NSDOCID: <WO 9632480A3_L> 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


Georgia 


MX 


Mexico 


AU. 


Australia 


GN 


Guinea 


NE 


Niger 


BB 


Barbados 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HU 


Hungary 


NO 


Norway 


BF 


Burkina Faso 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


Italy 


PL 


Poland 


BJ 


Benin 


JP 


Japan 


FT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BY 


Belarus 


KG 


Kyigystan 


RU 


Russian Federation 


CA 


Canada 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Cemral African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SG 


Stng^Ksre 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


Ci 


C6tt d*lvotre 


U 


Liechtenstein 


5K 


Skyvakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 


China 


LR 


Liberia 


sz 


Swaziland 


CS 


Czechoslovakia 


LT 


Lithuania 


TD 


Chad 


CZ 


Czech Republic 


LU 


Luxembourg 


TG 


Togo 


DE 


Germany 


LV 


Ljovia 


TJ 


Tajikistan 


DK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Estonia 


MD 


Republic of Moklova 


UA 


Ukraine 


ES 


Spain 


MG 


Madi^ascar 


UG 


Uganda 


FI 


Finland 


ML 


Mali 


US 


United States of America 


FR 


France 


MN 


Mongolia 


uz 


Uzbekistan 


GA 


Gabon 


MR 


Mauritania 


yf4 


Vict Nam 



OC\D. <WO 9e32480A3_L> 



INTERNATIONAL SEARCH REPORT 



Intn mal Application No 

PCT/US 96/G4890 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 C12N15/12 C07K16/32 C12N5/20 



601N33/53 



According to intcmatiooal Patent Qacifiotioo (IPQ or to both national clanifictDoo wd IPC 



B. FIELDS SEARCHED 



Minimum documenution searched (dassirtcaiion system followed by dasafication symbols) 

IPC 6 C07K 



Documenution seamhed other than minimum documenution to the extern that nich documenU are mcluded in the fields searched 



Electronic dau base consulted during the tnumaticmal search (name of dau base and, where practical, search terms used) 



C. DOCUMEhOTS CONSIDERED TO BE RELEVANT 



Category * 


Citation of document, with mdicaUon. where appropnatc, of the relevant pasages 


Relevant to claim No. 


A 


WO 94 22478 A (UNIV PENNSYLVANIA ;GREENE 


1-6,8-15 




MARK I (US); KATSUMATO MAKOTO (US)) 13 






October 1994 






see page 5, line 33 - page 6* line 19 






see page 10» line 32 - page 11, line 4 




A 


WO 91 02062 A (TRITON BIOSCIENCES INC) 21 


1-6,8-15 




February 1991 






see page 43, line 33 - page 44, line 16 






see page 52, line 9 - page 54, line 28; 






table 1 











Further documents arc listed in the continuation of box C. 



m 



Patent family members are listed in annex. 



* Speaal categories of aicd documents : 

*A* document defining the general state of the art winch is noc 

considered to be of pamcutar relevance 
'E* earlier document but published on or after the international 

raing date 

'L' document which may throw doubts on pnority daun(s> or 
which IS died to establish the publicabon date of another 
aUbon or other special reason (as specified) 

'O' document refcrhng to an oral disdostve, use, cxhibitian or 
other means 

'P* document published pnor to the international filing date iMt 
later than the priority date claimed 



T" later documem published after Che tntemational filing dau 
or i^onty daU and not m conflict with the application but 
dted to understand the principle or theory undcrlymg the 



'X' document of particular relevanor, the daimed invention 
cannot be oonsdered novd or cannot be considered Id 
involve an inventive step when the docume n t is taken alone 

'Y* document of particular relevance; the daimed invenoon 
cannot be considered to involve an inventive step when the 
document » combined with one or more other such docu- 
ments, such comtatfiauon being obvious to a person stalled 
in the arL 

'A.' document monbcr of the same patent family 



Date of the actual complebon of Oie international search 

27 March 1997 


Date of mailing of the tntemaaonal search report 

1 0. 0^ 97 


Name and mailing address of the ISA 

European Patent Office. P.8. SSIS Patendaan 2 
NL - 2280 HV fUfSWiik 
Td. (^31-70) 340-2040. Tx. 31 6SI epo nl, 
Fajc( + 31-70) 340-3016 


Aiiihonzcd onic«r 

Sitch. W 



Form PCT/lSA/310 (i 



thMt) (July 1*92} 



page 1 of 2 



BNSOOCID: <WQ_9632480A3_L> 



INTERNATIONAL SEARCH REPORT 



Inter ml Application No 

PCT/US 96/04890 



C^ContimuQon) D CUMENTS CONSIDERED TO BE RELEVANT 



Category * Qtauon of document, with indication, where appropnate. of the relevant pasages 



Relevant to claim No. 



INTERNATIONAL JOURNAL OF CANCER. 

vol. 45. 1990. 

pages 320-324. XP00O577181 

STYLES ET AL: "RAT MONOCLONAL ANTIBODIES 

TO THE EXTERNAL DOMAIN OF THE PRODUCT OF 

THE C-ERBB-2 PR0T0-0NC06ENE" 

see the whole document 

JOURNAL OF PATHOLOGY. 

vol. 173. 1994, 

pages 65-75. XP000577179 

PENAULT-LLORCA ET AL: "OPTIMIZATION OF 

IMMUNOHISTOCHEMICAL DETECTION OF ERBB2 IN 

HUMAN BREAST CANCER: IMPACT OF FIXATION" 

see the whole document 

HYBRIDOMA. 

vol. 11. no. 4, 1992. 
pages 519-527. XP002028488 
DI6IESI ET AL: " PRODUCTION AND 
CHARACTERIZATION OF MURINE MABS TO THE 
EXTRACELLULAR DOMAIN OF HUMAN NEU ONCOGENE 
PRODUCT 6P185HER2" 
see the whole document 

ONCOGENE, 
vol. 5. 1990. 

pages 953-962. XP000577136 

PRESS ET AL: " EXPRESSION OF THE 

HER-2/NEU PROTO-ONCOGENE IN NORMAL HUMAN 

ADULT AND FETAL TISSUES" 

cited in the application 

see abstract, page 953 

PROCEEDINGS OF THE NATIONAL ACADEMY OF 
SCIENCES, USA, 

vol. 78, no. 6, June 1981, 

pages 3824-3828, XP000577135 

HOPP ET AL: "PREDICTION OF PROTEIN 

ANTIGENIC DETERMINANTS FROM AMINO ACID 

SEQUENCES" 

cited in the application 
see abstract, page 3824 



1-6,8-15 



1-6.8-15 



1-6,8-15 



1-6.8-15 



1-5.8-15 



Form PCT/ISA/SIO (cMiUaiuttoA of tmautd shaM) (July 19n> 

)OCID: <WO 9632480A3_I_> 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



junutionaS sppUcAtion No. 

PCT/US 96/04890 



Box I Obsrrvationft where certain daims were found uiuearclutfatc (ContiniuUion of item 1 of first sheet) 

This Intern&xiorul Search Report has not been established in respect of certain daims under Article 17(2K») for the following reasons: 

1.1 I Clainu Nosj 

because they relate to subject matter not rec]uired to be searched by this Authority, namely. 



Claims Nos,: 7 ........ 

because they relate to parts of the International Application that do not comply with the prescribed requirentenu to such 

an extent that no meaningful International Search can be carried out, spectTically: 

Claim 7 1s Incomprehensible, and contravenes Art. 6 PCT. 



3, I I Claims No*.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Ohscrvatians where unity of invention is lacking (ContinuAtion of item 2 of first sheet) 
This International Searching Authority found multiple inventions in this international application, as follows: 



1. } I As aU required additional search fees were tinrtely paid by the applicant, this International Search Report covers aU 

searchable daims. 

2, I I Ai all searchable daims could be searches without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
^■""^ covers only those daims for which fees were paid, specifically daims No*.: 



4. j I No required additional search fees were timely paid by the applicanL Consequently, this International Search Report is 
^"■^ restricted to the invention first mentioned in the daimr, it is covered by claims Nos.: 



Remark oo Protert 



j j The additional search fees were accompanied by the applicant's protest 
I I No protest accompanied the payment of additional search fees. 



Form PCT/ISA;310 (oontinuaiion of first sheet (1)) (July 1992) 

3NSDOCID: <WO 9632480A3_L> 



INTERNATIONAL SEARCH REPORT 

knfomuQon on patent family monbcrs 



Inte ytul Application No 

PCT/US 96/04890 



Faicnt document 
cited in search report 


Publicaiion 
date 


Patent family 
niember(s) 


Publication 
date 


WO 9422478 A 


13-10-94 


AU 


6527894 


A 


24-10-94 






AU 


645760 


B 








AU 


6413590 


A 


11-03-91 






CA 


2042064 


A 


05-02-91 






EP 


0444181 


A 


04-09-91 






JP 


4503012 


T 


04-06-92 



Fom PCT/ISA/aiO (pstMt rwnaly mdu) (July 1993) 

)O0\D: <WO 9632480A3_I_> 



